Abstract. According to OIML R111, for determining the conventional mass, there are two methods: the subdivision, and the direct comparison. Comparing with the direct comparison method, the functional relationship in the subdivision/multiplication method is very complicated. Thirteen calculation equations are used to provide an appropriate adjustment calculation so as to avoid propagating errors. The effect of the correlations cannot be ignored during the uncertainty estimation.
Where, Δmi: the difference in conventional mass between a set of test weights and a reference weight with the same nominal value, i=(1~13); m∑mi: the sum of the conventional mass of the dissemination weights; mj : the conventional mass of the reference 1 g weight or the single test weight in every dissemination group; mj*: the conventional mass of the reference 1 g weigh or the single test weight in last dissemination group; Take 1 mg to 500 mg weight as an example. Table 1 shows the functional relationships in subdivision method. In addition to finding the functional relationships, we also have to consider the weighing sequences in the calibration before the uncertainty analysis. Thirteen weighing sequences can be conducted when comparing the test weights with one reference weight in the subdivision method. Among them, two weighing sequences ABBA and ABA are best known because they eliminate linear drift. This manuscript focuses on the uncertainty analysis of the subdivision method based on ABBA weighing sequence.
The Standard Uncertainty of the Input Components
In OIML R111 Annex C and the EA-4/02, the input uncertainty components is evaluated by either a 'Type A' method or a 'Type B' method. The uncertainty evaluation based on the statistical analysis of a series of measurements is Type A method, while other evaluation based on manufacturer's information and experience belongs to Type B method. Firstly, we should find out about all the influencing factors. In this article's example, the influencing factors on the uncertainty of the calibration results are: uncertainty of the reference weight, uncertainty of the weighing process, uncertainty of the air buoyancy, and the uncertainty of the mass comparators, etc. We must make a distinction between what factors belong to Type A, and what factors belong to Type B.
Standard Uncertainty Evaluation in Type A Method
Evaluating the standard uncertainty of a group of observations by mathematical statistics is the Type A method. And the the standard uncertainty with the coverage factor k=1 equals to the experimental standard deviation of the observed values. During the calibration of mg weights, uncertainty of the weighing process is the Type A evaluation. It is the standard deviation of ten instances of a calibration result. In actuality, the result equals the arithmetic average of two calibrations. The standard deviation and the standard uncertainty with the coverage factor k=1 are given by the following functions:
During the calibration of a group of mg weights in the subdivision method, 13 comparisons between weights need to be completed. The number of the comparisons is larger than the number of unknown weights in order to provide an appropriate adjustment so as to avoid propagating errors. Table 2 shows the standard deviation and the uncertainty with the coverage factor k=1 in every comparison. 
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Standard Uncertainty Evaluation in Type B Method
In addition to the statistical analysis, other evaluations based on manufacturer's information, experience and some scientific research are Type B methods. In this manuscript, the uncertainty of the reference weight and the uncertainty of the mass comparators belong to the Type B evaluation.
(1) Standard uncertainty of air buoyancy（ub） Air buoyancy has minimal impact during the calibration of mg weights, and as a result, it can be ignored.
(2) Standard uncertainty of the mass comparators（uba） The input quantities of the standard uncertainty of mass comparators are the sensitivity (us), the discrimination (ud), and the eccentricity (uE).The standard uncertainty of the sensitivity can be calculated with the equation 5 where ms represents the conventional mass of the weight which is used to measure the sensitivity, and Moreover, in this manuscript all the calibrations are based on an automatic mass comparator and the impact of the eccentricity is so small that the standard uncertainty of it can be neglected.
As a result, the uncertainty of the mass comparator with the coverge factor k=1 is approximately equal to the discrimination standard uncertainty which is calculated with equation 6. / 2 0.1/ 2 2 2 0.04
(3) Standard uncertainty of the reference weight (u(mr1000)) The standard uncertainty of 1 g reference weight is derived from the calibration certificate. It combines the ratio of the expended uncertainty U to the coverage factor k and the uncertainty of the reference weight instability, uinst(mr).The uncertainty of the reference weight instability can be obtained through statistical analysis of the calibration results in recent years. In this paper, the 1g
Advances in Intelligent Systems Research, volume 168
weight has been calibrated more than 6 times, and it can be calculated by the following functions: The uncertainty of the reference weight instability can be obtained through statistical analysis of the results of the previous years. 
Uncertainty Estimation The Combined Standard Uncertainty In Every Dissemination Group (u i )
The combined standard uncertainty of the test weight in every dissemination group is given by equation 9. Since the standard uncertainty of air buoyancy is ignored, the combined uncertainty with the coverage factor k=1 in every dissemination group is calculated by equation 10. As the above calculated uba is far less than ( )
The Combined Standard Uncertainty of The Output Component (u(m j )) Finally, considering the correlation of the input quantity and synthesizing the standard uncertainty of each input quantity, the calibration results in the correct expanded uncertainty. Because all of the input components Δmi are calibrated on the same balance and traced to 1g standard weight, there is a strong correlation between them. For the strong correlated input components, the standard uncertainty associated with the output component is equal to the sum of the product of input components' standard uncertainty and correlation variance. However, the calibration process is relatively independent between the conventional mass difference Δmi and the conventional mass of the single weight mj*; the relationship between m∑mi and mj is entirely uncorrelated. The square of the standard uncertainty associated with the output component equals the sum of the square of the standard uncertainty of input components. Table 3 shows the functions and results of the combined standard uncertainty of the output component u(mj).
Expanded Uncertainty Estimation
The expanded uncertainty U with the coverage factor k=2 is obtained by equation 11.
In this manuscript the expanded uncertainty of the subdivision method of calibration results on an automatic mass comparator is shown in Table 4 . 
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Conclusion
The subdivision method is comparing a group of weights with a reference weight. Thirteen calculation equations are used. This manuscript takes a set of mg weights as an example, and focuses on the uncertainty analysis of the subdivision method calibration results of mg weights on an automatic mass comparator. The uncertainty of calibration should be calculated step by step.
Step 1: find the functional relationships in the calibration and express them in mathematical terms. We should also apply and identify all significant corrections for systematic effects.
Step 2: list all uncertainty components in the form of an uncertainty estimation. For example, the uncertainty of the reference weight, the uncertainty of the weighing process, the uncertainty of the air buoyancy correction, and the uncertainty of mass comparators, etc.
Step 3: calculate the standard uncertainty u(mj) according to either a 'Type A' method or a 'Type B' method of evaluation. During the estimation in the subdivision method, we have to take into account the effect of the correlations. Neglecting correlations between input components might lead to an incorrect evaluation of uncertainty.
Step 4: calculate the standard uncertainty of all the input components in every dissemination group in order to get the combined standard uncertainty of every dissemination group. Then combine them with the standard uncertainty of the standard weight by considering the correlation of the input component and synthesizing the standard uncertainty of every input component.
The last step: multiply the combined uncertainty u(mj) with a coverage factor k=2 and then determine the expanded uncertainty.
The uncertainty calculations of this manuscript are based on the OIML R111 Annex C and on the EA-4/02.
